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Suiamaiy 

The Faa antigen <Fea} betonga to the tumor necroels 
factor {TNFynerve growth feetor receptor family, and 
It medlatea apoptosle. Uilnfl a eohible form of mouee 
Fas. pfepaf«id bf fusion with human lmmunogloiH«n 
Fc. Fas Bfland was datscted on the cell aurfaee of a 
.cytotoxic T cen hybridoina. PC$<MI10S. A cell popu- 
lation that highly eipmeM Fee Hgend wm 
Ing a f to utea ce n ce -acthfated cefl eortar, and Ra eOHA 
was Isolated from tha sotted coBs by oxpraaslon clon- 
ing. The amino add sequence IrMncatedthalFasngand 
te a type II ttansmembfane protein thai Ijelonga to the 
TNF lamlly. The lecomWrnuii Faa Dgand •xprened In 
COS cella Induced apoptoals In Faa^xpresstng target 
ceDs. Noithem hytwIdbaUon revaeled that Fes Bgand 
b expressed In activated splcnocytes and thymocytes, 
consistent whh Ra Involvement In T cell-mediated cy- 
totoxicity end biaeveral nonlympholdll88uea.euch'aa 

testta. 
Introduction 

MammaTian developmenl Is tightly regulatod not orly by 
the proBterafion anddmetentiatlon of cettsbut also by ceO 

death (Elis at aL. 1991; Raff. 1992)- The ceO death that 
occurs during development or fissue turnover 1$ called 
programmed cett death, most o! whfeh proceeds via 
apopiosis (Wanoer et sIm 1988; Wy«e el aU 19«9. >pop- 

tosis Is morphologicaly distinguished from necrosis, 
which occurs during Ae acddental can death caused by 
p}^^ or chemical agems; CMng apoplosis, the cyto- 
plasm ol the affected cells condenses, and the nucleus 
also condenses and becomes fragmented. At the fmat 
stage of apoptosis. the cefls themselves are fragmented 
(apoptotic botSes) and are phagocytosed by noH^bdrlng 
macrophages and gramiiDcyt98(Baff» 1992: WaUtaretal^ 
1988: WylOeet at. 19810. Apoptosis occurs not only during 
programmed cefl death, but also during the death process 
mduoed by some cytotoxic T cells, such as tumor necrosis 
factor CTNP) " lymj^toxin (LT) (Cohen et al.. 1992; 
GOlstetnetal., 1991). 


The Fas antigen (Fas) is a ceB surlace protein ol rslalive 
moieoular weight (Mr) 45 kd and carries a single trans- 
membrane domain (Itoh et al., 1991; Oehm ot al.. 1992; 
WatanabfrFiikunaga el aL, 199Zb). Fas Is a member of 
the TNF/nerve growth factor receptor lamiy. wfuch in- 
dudes two TWF receplors (type I. » or 65 kd; type n. o or 
75 kd), the tow-atTiniry nerve growth factor receptor, and 
CO40, C027, C030, and OX40 (Nagaia, 1993). Members 
o! tWs famiy are homok>gous as to sequencesin the extra- 
cellular regions. A Mgh level ol Fas mfVIA expression has 
been detected in varioustissues, such as the thymus. Ivor, 
lung, heart, and ovaiy of adutt mice (Watanabe^Fukunaga 

et 8L, 1992b). Some monoctonal antibodies (anii^as or 
antl-APO-1 antibodies) aganst human or mouse Fas work 
as agonists and induce apoptosis of the cells expressing 
Fas. in vara and In vivo (Itoh 01 aL. 199l:Ogas«w8raet 
al.. 1999; Trautti et aL. 1989). These results suggested 
ttiat FasIs a receptor for an unidentified Ogand aind trans- 
duces the apoptotic signal Into cells. 

The genetic and molecular analyses of the mouse Fes 
cfnomosomal gene m^cated that Fas is encoded by the 
gene at the loctts ot ihe mouse lymphoprollferation muta- 
tion 4r (Adachi et si., 1993; Watanabe^ukunagt et aL, 
1992a), wttfch b anatursi, autosomal, and rocosaive muta- 
tion (Cohen and Bsenberg, 1991). Since mfce canying 
mutations homozygous at the |y locus have lymphade- 
nopamy and autoimmune disease (Oohen and Dsenberg. 
1991), a Is ikely that Fas is Involved in the development 
of T cellsw Accordingly, Fas b expressed in most thymo- 
cytes of the wiU type, but not in ^ mk» (Ogasawara el 
al.. 1993). Immature T cons are kflled by apoptosis at least 
In two steps during developmenl In the ttiymus (f^amsdeR 
and Fdwfhers, 1990). Those T cofls cairying T cea recep- 
tors that do not recognize self MHC antigens as a restrlc- 
tkm element are kHIed or neglected, wh9e the T cefls recog- 
nizing the self antigens are kffled by a process called 
negative setection. Analysis of thymic T cell development 
biwikS^ype and i^mk» has suggested that the neglected 
thymocytes escape from apoptosb In the thymus, then go 
to the periphery In Ipf mice (Zhou et al., 1 9Sb). In addKkKi 
to t>elng expressed in thymocytes. Fas b expressed In 
activated maUire T ceas{Trauth et aL. 1 989). Russefl et el. 
(1993) have suggestedarole of Fas-mediated apoplosbin 

the InducQon of per4>heral totoranoe. In the anOgen- 
^RiUlaied suicide of mature T cetb, or both. 

Fas seems to be Involved not only In the devetopmem 
and turnover of T ceOs. but aho In cytotoxfc T eel (CTL)- 
mediated apoptosis. Rouvier et aL (1993) showed thatlhe 
presence of Fas on laigetooibwaareqi^ lor ttielrlysta 
byaCtLhybiidoma(PCG9-d10S[d10SBehd more genera 
soy lor calciumMependeni qrlo^^ by CTLs. These re- 
sulis suggested ihatCTL ceOs express the Fes Bgand on 
their surface and that the mteraciiort of Fas ligand with 
Fas on target ceHs Induces apoptosis In target cefls. 

To undersland the role and mechanism of Fas^nedlated 
apoplosb In various systems, a to essenflal to kleniily the 
Fas ngand. In this study, we bolaled a cONA for the Fas 
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Piguro 1. Flow Cytomoby ot diOS and COS C«Bs Tmloelotf wtti 
Pot Ugond cONA 

mi b) IVw cyTOTMtry of dIOS tnd diO&4 otOs. Tbo dtO$ colts 
wore sorted twin by FACS to oMiin dlOS-2 eaSa, OS describod iindor 
Enporimomoi Piecodur«t.Tho diOS coOs (1 0 i<f)M w dtOS^coB 
(1 K i(y) lb) woro itainod wfth bkiifiytaiod RiFoo-Fe OAd PE<o(4^ 
9ttodBtioplnidinboioro(ilippiodoroa)oroftor(clooodiroa)o«poo^ 
loPIMU of idloitom yd iilof4lir.Eoch»o»nplowoiioailiodondono^^ 
by Dow cyloiMtry. Tto staiiting profte wHh P&oofjugalod slropl^ 
alono h olso shown <opon oroi|. 

(4 now cylomolry of COS OiOs troAiloeM ttMi pim4-1$. Mon^ 
COSooQs(4x lOworotronsfoclodwiShpTNSVIS.Thtoillsworo 
doiocitod fcom tho platos wah EOTA n Ir MOT. stobMd ««» biotifiy^ 
•totf mFo»-^ ond PE4abolod tinpiovUn (dosotf §ii^ or P& 
lsb o>> dib o p Uv<dk><)OftO(opofttyosJ.oridonily20dbyBgwcytomotry. 
Conbol CC^ coOs woro IfiRslBctod wM tbo ooyty vocur, and Sm^ 
ilaMng pnOo wUi MotfRylatid RiFaa-Fe end PE-confuoatod slraplo^ 
vWn is tfao shown fsllpplod aroal. 


Ugand expressed In diOS ceHs. The suuctural analysis of 
the cONA indicated that the Fas Qgand is a type 11 menv 
brane protein homolooous to members o1 the TNF tamOy. 
iMMch includes TNFo. TNFp, LT^. and the Kgands for 
€040. CDZ7, and CD30. 

Resutia 


selected by FAC5 using biotinylated mFas-Fc and PE- 
conjugated streptavidin, as described under Exporimonlal 
Procedures. To exclude the possible enrichment of Fey 
receptor-positive population, ceils wera also stained with 
Ruoiescein isothbcyanate {fnCi^dtMlM hTNFR^-Fc, 
and a cen population (about 0.34M}.5%) that stained in- 
tensely wiih mFas-Fc but not with hTNFRM^c was 
sorted. Two rounds of sorting of diOS ceRs(diOS-2) stgntli- 
cantly enriched the ceO popuIaSon that highly expressed 
Ihe Fas ligand, under both unstimulated and stimulated 
conifitions (Figure lb). 

A cONA nbrary (—2.2 x 10* clones) In a mammafian 
expression vector (pCEV4) (Ifioh et aL, 1991) was corv 
siructed with mftNA from the PMA and lonomycin- 
stimulaled dl0&2 cells. Plosmid OfM from lite whole B- 
brary was Introduced into COS ceHs. The Iransfeaed COS 
ceHs wera ailowed to t>lnd mFas-Fc and were then treated 
with achemtcalcross-8ntcer(Harada et at.. 1990). The ceRs 
cross^nked wiih fnFa»-Fc were enriched by panning, as 
described under Experimental Procedures. TMs proce- 
dure (enrichmeiit by panfling and ampfincalion in Esche* 
rlchia coG {£. cofi]) was repeated four times, and plasmid 
DMAs were prepared from Individual bacterial doTMS after 
the fourth round. Clones (12 out of 48) contained Inserts 
of more than 1.0 kb. and they were indivkhtally introduced 
into COS cells. WhentheseeeOs were stained with biotbiyt- 
ated mFaa-Pe ai>d analyzed by Itow cytometry, five of 
Ihem wore po^tive. A typical result vAh COS oefis trans- 
fecied with pTN24-15 Is shown In Figure Ic In contrast. 
COS cells transfected wHh the empty vector were not 
stained with biotinylated mFa»-Fc. Ftirthermore, COS 
.cells Uansf acted with pTN24-15 did not signHlcantV bind 
bioiinytated hlNFR^-Fc (data not shown). 


Molecuiar Cloning of the Fas Ugamf 
To Identify Ihe Fas Ogand. we prepared a chimeric protein 
(mFas-F^ oonsistbig of the extraceOutar region of the 
mouse Fas antigen fused to the hinge. CH2. and CH3 
domains of human immunogtoburm yt heavy chain (Aruffo 
et al., 1990). As a contrat. a chimeric molecuie (hTNFR^- 
Fc) between the extracellular region of human TNF recep- 
tor0 (pSS) and the Fe region of human Immunoglobulin 
Gi was prepared by a Similar method. 

The T can hybiidoma. dIOS. b cytotoxic against cells 
expressing Fas. but not against those wNch do not (Rou- 
vier et al., 1993). The cytotoxic activity of dIOS was inhib- 
ited by mFas-Fc, but not tiy hTNFR^c (see below; 
T. S. and S. ft, submitted). When dIOS cells were stained 
with bfc)tinylated mFas-f=c followed by phyooerythrin (P^ 
• conjugated streptavidin, there was a smaK shin In a flow 
cytometric profile (Figure la). Stimulalion of dIOS ceHs 
with phortJOt myristic acetate (PMA) and ionomyclh en- 
hances their cytotoxic activity (RouVler «t aL, 1993). Ac- 
Gordtngly, this treatment greatfy increased the expression 
of a protein which binds mPas^Fc in dIOS cells (Fig- 
ure la). On the other hand. diOS caSs ware not signifi' 
cantly stained with t>iotinytated hTNFR^>Fc» indicating 
that mFas-Fc specifically bound to the Fas tigand (data 
not shown). 

To facilitate cDNA doning. a population of dIOS cells. 
wMch expressed large amounts of the Fas tigand. was 


Structure ot tlie Fee Ugand 
Rastfidkm enzyme mapping of die tnseitsotttie live post- 
1^ clones Indicated that they overlapped. One done con- 
taining a 1 .6 kb Insert, pTN24-t5. was therefore randomly 
selected and further characterized. The nucleotide se- 
quence of pTN24-lS and its predicted amino add se- 
quence are presented In figure 2. The cDNA consists d 
1623 nt, aiul there Is only one long open reading frame. 
The Initiation site was tentatively assigned td the ATQ oo- 
don at micfeotkle posilkms 74-7G, although the mideoUds 
sequence surroundii^g this Initiation site does not conform 
welt with Ihe consensus sequence (CCA/GCCATGG) pro- 
posed t)y Kozak (1991). Thie open reading frame ends at 
the termination oodon TAA at posHions 908-910 and thus 
codes for a protein of 278 amino acids with a calculated 
Mr oi 31,138 and an isoelectric point of 9.53. The first 77 
amino adds of this protein are extremely rich in proline 
raskfues. Although it lacks a signal sequertoe at the 
N4emwius. its hydropathy analysis incScated that the pro- 
iin»fich legfon is lioSowed by 22 hydrophebicamlno adds 
that presumably hmctkm as a transnefnlwane andior. 
The lack of a dgnal sequence and the presence of an 
internal hydrophobic domain suggested that the Fas U- 
gand is a type It transmembrane protein. The putative ex- 
tracelluiar domain in Its carboxyf regk>n. consists of 179 
amino adds and contains four potential N-glyoosylation 
sites (N-X-S/T)- 
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rtgur»2. Nud0Oti(}eS«queflO«in«Pr«4ictt4 
Amino Acid S«jtttnc« 01 R«lF»»U9tndeOMA 

Th« wirribers tbow ond iJito* 
to Ol* nudaolid* posiliOA end afliino add posi- 
tions, mp^ctivtty. TTm putttivt tttnvMO^ 
brtn# ooauiA k undtfBnad and tour poi»nlM 
H**odfl^yeosyl»tiooiKw^X-sn)inlndi. 
«i«d by Mtoiisks. 


Th« dIOS cell line used 10 prepare the cDHA libwy b 
a hybrid between rat and mouse ceB fines (Cbnzelmarw 
et al.» 1982). To dotennine the origin ol the doned Fes 
ligand cONA, two sets of oligonucleotides containing se- 
quences for ttie » nonooding region of pTN24.15 (nudeo- 
«ies from positions 1006-1025 awl 130S-1324 for Ihe 
forward prwnef and 1327-1346 and 1543-1 562 for the re- 
verse primer) were synthesized. When genomic DNAS 
from the rat and mouse spleen were analyzed Ijy potymer- 
ase chain reaction, only ralchromosomal DMAgawo bands 
ol tlie predicied sizes of 341 bp and 258 bp (data not 
shown). Furthermore, Northern hybrkfization with pTN24- 
15 as probe under Wgh stringency gave a band of 2 kb 
in rat but not mouse RNA (see below, T. T., T. S., and 
S. unpubfishod data). These results indicated thai the 
cloned cONA sequence was derived from tiie rat genome 
presemin the d1 08 hybrid can Gne. 

Bioctieralcal and Blologleal Properties 
ol the Fas Ugand 

The Fas Ugands expressed In dIOS cells and In the COS 
cells uansf ecied with pTN24-15 were WochemlcaBy char- 
acierized by immunopfacipitatlon using mFas-Fe. Tbe 
mFas-Fc spedlteaBy predpitaled prolein(6) ol Mr 38-42 
kd Iroro biotlnytated cell surface proteins of the d10S-l2 
cell line (sorted 12 limes by FACS) (T^ure 3; T. S. and 
S. M.. subminedj. Simnarly. immunoprecipitalJOn of the 
lysates from COS cells transfected with pTN24.15, but no* 
with the empty vector, gave several bands of Mr36-43 led. 
which differed sTightly from the bands detected ind10S-12 


ceOs. The Mr of the Fas figand expressed In d10S-12 cells 
or COS ceDs is la/ger than that caleulatod Irom its amino 
add sequence (Mr. 31,138). The difference b probably 
due 10 glyoosylalion ol some of the tour N-tfycoaylatton 
sites. TWs may also explain the aOghtfy dmerent Mr be- 
tween the nalura! Fas Bgand In d1 OS cells and the recombl- 

nanl Fas Bgand expressed in COS celto. 

To confimi that pTI«4-15 codes terthe Fas Bgand, the 
cytotoxic actlvily of the COS ceOs expressing the recombi- 
nant Fas Bgand was examined using WR19L tmns- 
fonnants CW4) that express mouse Faapgasawara et at, 
1993) as target cefls. As shown In Figure 4b, COS crtli 
uanslected with pTN24-15 Indocwf cytofysis oi W4 in a 
aos»dependam manner, wltilo cortwl COS oB«$ Irans^ 
leciedwUhlhe empty vectorexWbited no cytotoxic activily. 

The transfected COS cells were at least 10 Cmes more 
etlident as effectors against W4 ceBs. based upon the 
etfocbx/largel coBs ratio, than were Ihe origmal dIOS cells 
(Figures 4a end 4b). The Fas Igand expressed In dIOS 
or COS ceBscoOM not Wn parental WRl9t ceBs (Rgwe 
4). Sfnoo WRl9t ceBs are susceptible to Kffiingtjy TNF 
(lioheial., t993)»thlssuggeststhaltheFasBgandcannot 
induce the death signal through the TNF receptor; To con- 
fimi the specificity of the Fas Ugand. mFas-Fc or hTNFn&- 

Fc was added to the assay mfadura. As <howitto Figure 
4d. the cytotoxic aclhrfltos of COS cells •xpressing Ihe 
recombinant Fas ligand. as well as that of the dIOS ceOs. 
were ahnosi completely InhibHed by 10 pgrtnl of mFas- 
Fc but not 17/ f»TNFR{M'c-'n^» supernatant of COS cens 
transfected with the Fas Bgand cONA also had significant 
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Rguftx immwopro^UCoA of lh« Ugand with 0>« mFu-Fe 

The d1 OScate wsraaoftod tSlimMby FACS lootUin lh« d10S>l2c«l 
»M. COS C»fl» ww«tr«nirr«ctwl wilbpCEV4 vMler CMAor pTN2«-1S 
carrytng Fu fiotnd cONA. Afltr 72 Iv, Uansfeovd COS cvlh w«f • 
tfcAdiwf with EOTA. Tim otM surface praiaws of Ihe tftOS>12 cat 
Hm «ntf »• D»it9lMMdOOS eeo* HoSnyltletf. (yiad in buflar 
coniaMng NP-40, predMrtd wiUi HTHFB^c. end {mmunoprtti^ 
laded trfOi iuFm-Fc, m deacribwl under Experimental Piooetfairei. 
Tlw InuminopredpfUles w«ra heoM at flS*C tor 2 nln In iMRsn^ 
uiT^ buffer contalr^ 5H 2-inefc«pco«lhanol and iMOlved by elep- 
toaphorteto auouQl) a lcnv-20H firnd(eni,poiyae«ytafa*de gel in the 
preMnca 010.1% SOS.IhapratolftsiMrabloaediMtoaPVOFmem- 
bra»a(KI9(por«) and detected using the ECL system (AmerBham}ftfter 
atainkig «Qh strepUvfdbMonjusaied hwaera^h perondaM. As size 
matfctft. tteHn-labe l ed moleeuter waigM aiaiidiitfs (Ptiannada) ware 
etectfophoresad in pataM^ aiiaa o( slandaid pratabtt 


cytotoxic activity upon W4, but not upon wni9L parental 
colls (Figure 4c). These results suggest that the r eeomt)}- 
nant Fas Dgandexpressotf in COS celts can he released 
into the extraceBtilar RUM, perhaps t»y cleavage from ttis 
cell suflace. 

We and others have reported that the Fas activated by 
agonistic ant^Fas anta>odies mediaies apoptosts 0toh et 
a!., 1991; Ogasawara et aU 1993; Trauth el aL. 198S»). 
The reiooinbinant Fas Ogand expressed on COS celts also 
induced apoptosls. In Figure 5. the chromosomal DNA was 
prepared from W4 cells after various periods ol incubation 
with COS cells that were transf ected either with pTN24*1 5 
or vnth the empty vector pCEV4. COS cells trartslected 
WithpTN24-1Sinducedlr8gfnentalionoftheChrQfnosQmat 
DNACIW4 cells in a step ladder lashtonlhat is characteris- 
tic of apoptosls <Compion. 1992). The DNA ladder was 
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FiSiire4. Cytotoxic Actiyfty of dtOSCaBa and fta n a o omti ini nt Fas 
ligand Expresaad to C0$ C«a» 

(a) Cyioioiic actM^ ol diOS oeBs. TTte cytotoxic aoivay was assayed 
ki di#cato tofaig •*Cr4abaM>W (deaad cMa^or WR19L eals(cipon 
drcte). as descried under Exper^nantat Piooadtiras. 

(b) Oyto<owc>ctM»o<thai»oomtiinan>Fo» Spend aspiwaad In COS 
ceBs. COS caB»w<ielr iwala cladi4 ft tfiapCEW vector (cioaaddrclo^ 
or pTN24-lS tMA (doaad triangle. open drcte). At 72 hi after tnnsfee- 
lion, cytoioxidly of iho Mttslaciad COScaBauaIno W4 (cioaad cM. 
dOMd »ian^) or WRlSLcalBfBpen drde) as taigal oala la thowfi. 
(e) Cytotoile actfvfty ol tha aolubla raoonibkiaM Fftt i^and produ^ 
liy COS oaHa. COS c«Rs w«« kwiafadad wiSi pCEV4 {doeod ditie) 
or pTia4-19 (doaad bianQto. epan diciaKAl hr aaarnnalbeilen. 
tte madbm WM changed lo aeninv^^ DMEM. and oeRa war* lna>- 
batad (or 4a hr. Yha ouRuro aupornatani o( tfw tvanafectad eaHa ma 
BtriM Mrough 02 IMi IMor. oonoanMM e4old, and »an pMad 
to the target ooKa^ W4 eala (closed circle, dosed trtanc^} or WR19L 
coOa (open dPda) wai* iiaed «a tvgat eala. Ona40U conoeo»aaon 
eoffosponds IB tlio noal aopamalani off 005 eala. 

M lnh%iti<xi ol Sie oytDtoilc activity ol irw Fee igand wMh niF«s~Ft. 
The cytoioidc MlMly of Sm aceMted dtOS ceNa at an ettedodlaigai 
<E/r) rMfe eriO ganea f-Qor COS oeBs trwiatedad waiupTN24-15 
«t an EH* ratio of 0^ ganeo 4^ waa detomJned using **Cr fs» e t iJ 
VM eels aa target oeSa. No cMnarie prDCaina<open tarV 10 ngM of 
hTNFRMt gittdMd baf). or MFoa-1% (doaed bai) wsa adksedio Ow 
reaction mixture. 

Observed within 1 hr ol Incubation, and most of it was 
degraded into nticteosom»-sized fragments after 2 hr. 
Such fragmentation was not observed in W4 celb incu- 
batad with COS oeSs transtected with pCEV4 (FlQure 5). 
' Moreover, ttm acthrily of the feoombbiant Fas Bgand was 
seen only in W4 celb. but not In Wfll9L cefls (data not 
shown). 
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RpumS. OfMRegniarttoflmtodUoedbyffwftoooiiMnardFasUgind 
COS ceBi were trMtafoctad «(Ih pCEV4 vector ganes 1-4) or tfie Fas 
ligaod aiprossion plaairiid p7ia4^lS ganrn e-^ At 48 hr eftar trana- 
Iwtion. W4 daDa ware, added 10 dte ginsladod COS ceOf and kcw 
bated at 37*0. Belore incubation ganaal and Q and altar incubaiion 
lor 1 hrganaa2and7)i,2hr(!ana9 3endq.or3hrganas4and9i 
total ONA was praptrod Irom the nonatfharant cals and rasohod on 
a 1.0H agarose gM In the presence of OjS tig/ret of oMdium bromide. 
For six* mailiers Con* S), B8mKV4Sgedad and M«aMBo>**d p8R322 
was electmphor«sad In parsQai: sttaa ol dw DNA Cragmonta ara oNon 
In t»so pairs. 
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Expmslon of F»» Ug«nd mRNA 

The original and sorted dioS cell fines, rat splenocytes 
and thymocytes, and various rat tissues were exammed 
by Worthem btot hybridiration using the Fas Bgand™^ 
as a probe. As shown in Rfluro poIy(A) RNA horn the 
original dtOS eeBs showed a weakly hybrWizing band o^ 
2 M>. The Inian^ d ttiSs band increased consideraWy 
ahec me dIOS cells were activated with PMA and looo- 
mydn. The dlOS.2 ceH 6ne. which was sorted twia by 
FACS expressedaboultourlbnesmoieFasRgandmRNA 
than did the original diOS alter sttnnilation with PMAand 
ionomydn.whk:hlsoonsisierrt with the leaiteol^^ 
cytometry <^eFigwfet^ltooently.weoblalnedadtOS.16 
«U Dna (sorted 16 times) lhat exhibted about 1M 

higher staining intensity with "^f^-^^Ji 
higher cytotoxic activity than did "^^^^ 

had about 1 00 tbnos more BgaiKl wiRMA than did the 

original dlOS oeBs (Flsur* 6AV Thus, the mcreasod ex- 
pi^ion ol Fas Bgand mRNA correlated we« with die In- 
creased etaWng taiensity with mFae-Fc and the cytotoxic 

''2r2KmnlnFKpif»6B.«^ 

expressed Fas Tigand mRNA. When splenocyles were 

stinwiated with PMA and lonomydn, or concanavaBn A 

and WerieoWn 2, lor 8 hr. Fas Bgand inRKA expre$s«n 

was greatly Induced. No expression or Btde expresstooor 
ttie Fas Pgand mRMA was detected in lat thymo^ 
However. H was also Induced by PMAand tonomydn, or 
concanavaOn A and Wefleukln 2, although the expression 
levels were much less pronounced as compared wih 
those seen In splenocytes. Arnong various rat tew the 
lesfis gave an intensely hybridizing band ol about 2 Kb 
tor the Fas Rgand mRI^ (F^oro Moderate a ijwaK 

signals were also observed In the smafi Intestines, kidney. 
andlung.whereasftO0lhertissuesslgnt!icanltyexpre^ 
Fasl!gandmRNA.ABRNA8ampleswere Intact smcerehy- 
iKidization ol the same membrane with human elongation 
factor la (EF-la) cONA probe (UetsuW et aL. 198^ re- 
vealed a 1 J W> band In an lanes. 

Discussion 

Many cytoWne receptor systems m'ediate the 

of ceils, the (fiHereotiation ol cells, or both. Soma types 
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»•*!•«-. .;. HTWCTrW*TiW!W»iM:* .u««T<r:T. -Mil sa.vm* 
r.tv'i ?i »»r5iL*»irrj#»j*uoD».n3«--ii'»Ai»r3»-.»*iC3erfM»-«»uwn 

LL«:-iin|i_iK)OT^H "irritwtniuvit rr'^n'-'i'^t" 
•^:» ..: wjiw;:;.»5i «M* »>< uj»i t L i >i i n »i t »i>vi— cMS»w»tu*t«»nr;»r 
N^i:*. :;: «tw-«i:flf»rji!"et«»--st*»»ji»»m»«si:»i»'*-«««MiMW— • 

• ■•.fM. TTXtiM«»m»'«»"».T-.»»*Ts»i»a^-n*cr»«T-r»«kT»L 

-.r.»» «• ei5fii**«rh«*M0i*:««cuiica:ir»*A-J'«-r.M«»r*t 

»aisi:^ »*«»;aw»w*i"">Ji'"**'"'** ''** **** *|^ ' *'?'T* *' 

mtizzi'w -*» -»->-aBc»nwfc«*>*wi»'fc w iii,>i»r"in ik^wi 

• • • • 
FtQurvT. AfgfWiM el rtwAmho Acid Saqiifnc»ol«wTNF Family 

Th« C^tfiiM tnAio atid stQU«no« or ttw ni FasBpantf was iligriad 

th« TNF temfly. fo*8inrrino at ttw HMwws ol iMto 

ct pf W wy lr« m t tli oo pr o ductiu S»v^ ft»f» htvd btnimttod u c*^ 
to opUnUz* lh« sBgninML A«itino adds Umtieal in mor* ittut liv<» 
rMinbtri an in«cattdtiyc3t«i1slu.lh»tiiibio«cjds^ 
luliom in Rwf« Vi«n lour namton ar« ihown in bold toMrs. Ftn^^ 
■miw add tubatilufiona art dtfinod as pain of raaiAits Monging 
to ena of ttw toaowlne gioupK S. T. P. A. and 6: N. O. E. and 0; K 
R, and K: U. ». U and V; and F, Y. and W. Tha «5d«ol of tha 0 
laOiiMia »-h of TMFa-(^ and Sprang. 1989) is showm at lha lop o( 
Mchlina. ThacyatadiaftiidMa toundinma eoftMpondteff poaidm 
«l Ow Faa Sipnd and TNFa ai« undadbiad. 


Of apoptosis also sa«m to be ragtitated l}y cytokines and 
their receptors (Nagaia. 1993). We prevrousty suggested 
. that Fas is a receptor tor an unknown death factor and 
mediates apoptosis. In this report, the cONA tor the death 
factor, or the Fas Ifgand. was Isolated from a CTl. ceR line. 

The Fas belongs to the TNFAierve growth factor recep- 
tor fan^. which includes twoTNF receptors, the tow afTuv 
ity nerve growth factor receptor, and C040, C030. and 
CD27 (ttoh et aL, 1991; Nagata. 1993). TNFo ewsts either 
as a type 11 transmembrane protein or a soluble cytokine 
(Kriegler et al.. 198Q). The ligands for CO40. C027. and 
CD30 have been htontUied as type It transmembrane pro> 
teins rotated to TNF (Armiiage et al, 1992; Smith et al., 
1993; Goodwin et a)., 1993). Recently, it was demon* 
strated that LTd, which can associate with TNFfl (ITa) 
on the cell surface, is also a member of the TNF famBy 
(Biowming et al.. 199^' The anrino add sequence of the 
Faslgand b dearty homotogous lo those members d the 
TNF lamiV (Figure 7). Homotogous regtons ire festrk:ted 
to the carboxyl region: that Is, the extraceUular domain 
that viteracts with the receptor. A pairwise comparison of 
the amino add sequences in this regkm Indfcaied that the 
Fas Sgand b mora sim0ar lo TNFa, TNF0. and LT0 than 
to Bgands tor C040. C027. and CO30. The Mgh honwto- 
^es of the Fas Qgand with TNFo and TNFP (27.6%b and 
28.7% klentity, respecUvefy) are comparable to that be-, 
tween TNFa and TNFp (29.6% Mentity) (Penhica el al., 
1984). Despite this sirailarlty, the doned rat Fas llgand 


could neither bind to the S5 kd human TNF receptor nor 
activate the mouse TNF receptor in WRl9t ceils. 

TNFo andTNFfI fbnciton as irimers (Smith and Ba^ioni. 
1987). Xfdi diffractton analyses of TNFa and TNFf» have 
incficated thai each monomer of these cytokines torms an 
elongated, antiparallel ^^ated sheet sandwich with a 
jelly roQ topotogy (Eck ar^d Sprang, 1989; Eck et al.. 1992; 
Jones et al.. 1 989; Banner et at., 1 993). As shown in Figure 
7, the oonseived amino adds among the Fas figand. 
TNFa. and TNF( were found mainly witMn the ^ strands, 
suggesting the Fas ngand has a similar structure to TNFa 
and TNF8. Furthermore, in TNFo, a disuiride bridge Enks 
the loop connecting p strands c and d with that connecting 
1^ strands e and t(Eck and Sprang, 1989). Tho two cysteine 
residues in the extracalhilar domain of the Fas figand were 
found at ttie ooirespondlng poslOons (Figure 7). sug> 
gesting that Ihesa cysteine re^dues are connected by a 
disulfide bond simaar to that found in TNFa. These struc- 
tural almaai^s of the Fas figand with TNFa suggest that 
the Fas figand also exists as a trimer. The original ami-Fas 
or amlAPO-l antibody works as an agonist that Induces 
apoptosis by binding to Fas (Itoh et at, 1991; Trmith et 
al.. 1989). The anit^as antibody Is an Immunogtobutin 
M (Yonehara et al. 1989). which is an immunogtobulin 
pentamer, whereas the anti-APO- 1 antibody is an branuno- 
gtobufln (Trauth et al., 1989),iMtiich tends to aggregate. 
The F(ab% tragment of the aniMPO-l antibody and Rs 
Isotypes have BtUe cytotoidc activity (Dhein et al., 1992). 
However, these <fivalent anMFO>1 antibodies induced 
apoptosb when they were cross-nnked by second antibod- 
ies. These resuRs Indicate that draarizatlon ol Fas is Insuf* 
fident to transduce the apoptotic signal, and they are con- 
sistent with a trtmerto struchire for the Fas Dgand. 

Although Rouvrer et al. (1993) could not detect Fas R- 
gand activity In the culture medium of the dIOS cell llrie. 
we detected Fas:dependent cytotoxic activity tn the super- 
natant of COS cells transfocied with a Fas Ugand expres- 
sion plasmkl Moreover, the medium eondilkmed with 0w 
dtOS-16 cells, which expresses about 100 times more Fas 
tigand mRNA than the original d1 OS cell lir>e (Figtire 6A), 
was significantty cytotoxic against cells expressing Fas 
(T. S. and S. N.. unput)Gshed data). These results suggest 
that ovetexpresdonof the Fas Ugand on Ihb celt surface 
causes shedding ol the pratdn, as found in TNF (Kriegler 
et al., 1988; Perez et aL, 1990). and the sotut>)o torm of 
the Fas ligand actively triggers apoptosis by binding to 
Fas. A large amount of soluble TNF Is present in the serum 
of individuBls suffering from septic shock caused by bacte- 
rial endotodns or hi the senim of cancar patients (Beutter 
and Cerami, 1988: Old. 1987). StmSarfy. pfx>duction of the 
soluble Fas ligand may accompany some human dis- 
eases. Since admlnlstratkin of agonistic antl4^as antax)dy 
into mice causes a phenotype dmilar to that of hibnihant 
hepatitis (Ogasawara el 8U.1993), It wiB bo of interest to 
examlfte the InvolviMnent of the soluble Fas tigand In hu- 
man fbtrhlnant hepatitis. 

Various effector molecules are thought to be involved 
inCn.-mediatedcytotoxtolty{Apasotfetal.. l993;Golstetn 
et at., 1991; Podack et al.. 1991). One well characterized 
pathway is the perforln-medtated cytolysis of target cells. 
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Which is dependent on Ca-, il is also $uggeslwJ thai the 
soluble or membr ane^und fonn olTHF or LT h Involved 
in various target cell syslOfn*. Recently, Rouvier et al. 
(1 993) demonsuated that the cytotow activity of CTt hy 
bridoma diOS depends on the expression of Fas on target 
cells. Here. vrt» conrirmed by 9one'at''"9 cytotoxicity with 
the recombinant Fas Bgand that tWs cytotoxicity is mejB- 
ated by inieraction bet^n the Fas Bgand on diOS cells 
and Fas on target cells. Fuitheiroofe.lhe cytotoxic activity 
of iransteciants ol COS (a ebroWasWiKe kidney^erived 
ceD fine) suongly argues that the cytoioxicily metfiaied by 
the Fas-Fas Bgand system requires no other molecules 
prelerenliafly expressed in aclivaled lymphocytes (such 
as perform or grantymes). Smitaf Fa«lependentcytoiox- 
iciiy, which is aHoantigeivspedlte and Ca**-lndependeiit» 
has been obseived to peritoneal exudate hrmpbocyiw 
(Rouvier et at., 1 993). It b Bkely that the interaction o! the 

relevam MHC on target cells vrflh the T eea receptor on 

effector eetts induces the Fas Bgand on t he iailflr, which 
then bind to Fas on target cete to mAice epoptosh (^Oli- 
vier et ol.. 1W3). In additon, we delected Fas Bgand 
mRNA bi rat splenocytes after stimulation with FMA end 
ionomydn. or concanavaim A and mterteukin 2. These 
results suggeslthattheFassyst^mtaanovelandcofflmon 

mechanism of T ceO-mediated cytotoxicity. In IWS f egart. 
it is noteworthy that some C04^ Thi cell Bnes exWbH a 

cytolyfic activity Independent ol perforin end "TNF (Ju, 
1991: OzdemWi et «U 1092). Il would be ol tatarest to 
examine vrhether or not the Fes system is also hwohred 
In these cytolytic activities. 

Mice carrying the ft>r or gWmuiaiion develop lyrophade- 
nopatfty and miloinmwine diseBse (Qohon and Bser^erg. 
1991). It has been suggested that the <pr and flWaremuia- 

tions of genes encoding an intaracUng pak of molecules 
involved in T ce8 developmenl (Allen et aL, 1990). We 
have previously demonstrated that 4>r rruce have detects 

in the Fas gene and thus proposed that tfte Fas tlgand 
is encoded by the gene at the gfe/ locus (Waianabe- 
Fukunaga et al.. 1992a). Recw^l findings that peritoneal 
exudate lymphocytes from gkJ mice do not show the Fas- 
dependent cytotoxldiy (P. G.. unpublished data) support 
our notion. To confiim Ws Iheoiy, a woirtd be ivecessary 

to correlate the diroraosomal gene locus ol mouse Fas 
rigand with the gtf locus and to examine the abnorniaTity 
of the chromosomal gene for the Fas ligand m gW mice. 
The ft)f or g« mice are thought to have defects In the 
thymic developmem of T cells (Cohen and Qsenberg. 
1991). We previously suggested that Ihe express ofthe 
Fas bi thymocytes and Ihe Fas Sgand In thyiiik: stromal 
cells control the development ol T ceSs (Watanabe- 
Fukunaga et al.» 1992a). Afthough most thymocytes ex- 
press Fas (Ogasawara et al. 1993), we could not detect 
the Fas BsRnd transcript In the thymus except lor weak 
expression In adlvaled mymocytes. It Is posslbte ttiallhe 

Fas figand Is expressed oiily iransienHy In a Sn^ num- 
ber ol stromal colls In the thymus. The ovanabOity ol Fas 
ligand cONA and mFas-Fc fusion protein would facailaie 
the idenUncaCon ol such cells by In situ hybridiiation and 

immonohlstocheiniStfy- 
The Fas is expressed not only In the cells ol Ihe Immune 


system, but also in the Bver. lung, ovary, and heart (Wata- 
nabe-Fukunaga et al,» 1 992b). The physiological functions 
of Fas in these tissues are not dear, and nodevetopmental 
abnomiaiities of these tissues have been noticed in Ipt 
nor gJd mice. There was no major expression of Fas Bgand 

mRNA in the aforementioned tissues, although, lor in- 
stance, the hing expresses Fas and some detectable level 
of Fes ligand mRNA. On the other hand, the Fas Bgand 
was expressed in the testis, whore no apparent expression 
of Fas was prevtousfy detected (Watanabe^'ukunaga 
et sL. 1992b). The testicular semtnilerous eplOieSum b 
highly profiferaUve, and many germ cells are programmed 
to die by apoptosis by InteracUon with SertoS cells (Allan 

et al.. t992; Miething. 1992). Whether the Sertol cells 
express the Fas Bgand to Wl the genn cells remans to 
be examirwd. In any event, these results are consistent 
wUh the imrolvement of the Fas system m various aspects 

ol mamntaJlan development 
EiytdfflMiliI FioceAm 

nsw CytDOMtry and S«iKllo«i el ttM die$4 M l>w 

MXMsaion irfawwto tor mF«»-l% wid hTWFf»-Fc w» co o- 
iirwc*«J wkh mou» Fe» ©•«• (Wrtwieb*^*!^ 
Of hum« TNFR mpiwloo pU*nild p55mR4«1 a««*e*»* 
1 W1) mi hMtt ki mu ntfe Mn gw^e In ftoxaM pUm(NI*hkBur» 
«i iL. 19en. Th«»» ddrMrtc ptauka wwe ^wOmttt pnAjcadfet 
COS e«D» cr b» »tibl« ttwwfortnarto ot BTS-I aU ^•Avy •« «^ 
l9ea>iiyJ«*r»i»niogwMurtypurtri^Thed»«»»<'^ 

T7» roF»»-f c Mid hTKFBfi-Fc wf» Wuftqi to wfag mMMJUk M 
a,4«^bkA«i»«8)hwiort«<HHS-liC^ 
protocol o( n» menuhaurtr. To prefwie Fnc«i*i9rt^ li«nj« 
nif7<^e, 1 mg or proitin wM mii»d with 20 i»D o* F^TO ^ 
50 mM •wflOT e»it»Oft^ Wr^r (pH a.^ Aft«r Incuts 
t,„,p,«tur» fc* 4 l». RTC « i^nei^d Inr Sjpl^^ 
eo»on«cf»rom«iiBr«|*y. F«r fkNrcyto««tty. diOSof tiwt^^ 

IP8S1 oof««rtng 2%» IWtf €■« ewura |FCS| end 0.e2» NtKO. C*^ 

T-l « Hnw»lirtllneuUt»d<ntoilwtQmki1ftS0|da« «>gtf^ 

■ohiaon oortJnJng S rtW « ■«*«*oo»» 

iPt»mtffto«). Pfcy ntooIllW3olN«aRyl^ 
addttJ to e*» w«<^ ntlxRrt end tecuUtod oo k* tor » mift. An»r 

wlthPC«if*i«»tod$tr»j>UvWtap54olddM!on.Be^^ 
100 Id or •trir*i9 iotulton. Ctte w« wMhwl ii«h strinlnfl lolua^ 

W dies o*ti w»rt suteMd wMl FIT Oow+jgrttd liTNFRfr-fc and 
bMnyltiod mFw-Fc IcOo^td fay P€<a«|u9*»ed BtrepliVkK M d^ 
•cfibi 8bow. •«! aortad using • FACSiw (8«s«vOk^^ 

D5H). tMl not aignHlcandif *ui«*d by FnOhTHW»>-Fc, 
iMiad and expanded In tMbocooTa modilM Eagia*! iM<fluin (PMEIQ 
comafeina tfl« FCS and SO. nM »fna(aiploaihVMf . 

Cytotoxldty Aasayt 

CnotaWiY w »»«y«d aia^ifiaftr ms da»atied pr»i**i^ 

•lV,1W3VVmietofW4e-h(I iit01i«alnaA«i^^^ 
37» C *lth » pa el io*nn dBwnelt (Amar»haii4 In MO el Ol 
RPMltMO OOfttWhQ \Wk FCSw Mar washing wWi madluni, 9tn» 
ceUi vara tiaad as the target Translacaon of COS oals wfth the 
pTWWS or the cortrel vtoof «. p«torn>ad «V OCAE-dawn 
maihod. a»daaciibadprw»lousiy<Fiikur»*ga at rf.. tW). Tha*^ 
hWadtaiOrteaBsIt x 10^ wa mbtod odrfnal dIOS coBt or 
toanalactad COS eeto et vaiioua rrtw» la rpoTHrtollomad Bil^^ 
Diaiaahe WlrfvOlun»ol20Qid.Tbepttfes wa c«iJrihiB^ 
5m to 2 i«h aiid hrtbalad tor 4 hr at 37*C. The plataa were than 


CcU 
1176 


Mfttiilugad il t200 rpm lor S nto. afid 1 00 lU ■%JOti ol tM tupan^ 
taM9 w«r« assaytd for fitfoAClhifiy mIimi • r<ouni«^ 
ous rtlf AM d **Cr wti d«l*rmin*4 ty Ineutaling 0i9 Uniat calls irtUi 
lh« madoiRikSanft, wtitrMS th« madmufl) ritoftsd «r4S (Mtnnioad by 
tdiSnQTrttanX-lOOloillfMleoneMlraltonQfOilH. Th* parctntipt 

Vwi..i«.iy*s Bmiipnire"C> w >i ii i-K)OBtXt>oui*^wl>W 

Th« spontaMOM f»lMs* ol **Cr ira nwtirwiy 81^10% of Ih* maii> 
mijmrttoaM. 

CofittmctioA of th« eONA Ubniy 

Th9 dlOS-2 calls wvt grown up lo 2 x 10^ csDstaiT In DUEM oon- 
taMng tOH FCS tntf wt(« Own stiimilMad willi 20 noM r*MA mtf 
1 ii0Mionomydntl37*Ctor9lv.To(ilc«autvRNAwtslsdltf«4 
using QuanUna isottiiocyanada-phaMl acid (Oiocncxynsid and Sac* 
chl 1967V and po(y(A) mu MS aalaciad by hro cytlas cT oR0o((n)- 
C0ftiiosa eolufrm cfwoinaiDQniphy. Do ab ia a t r a n dad cONA piiread 
wfBi a fandotn haxamar or OEoo(tfl) waa lynthaaisad as d aa c itt ad 
pull at al^ A BaOff adaptor was addadio«iacl>IIA.«Mdi 
waa alza-fradionatad by ala cirephoi a aii on a l» agawaa o<*- Thoaa 
cCMAstaigar tfian U tewaraiMovatad and Boatad to BatXM^iaatad 
pCCV4. E. eoB OHIoe eaia (Qieco BAL) wara transtonnad wHh tha 
iioaladOtlAbyala i*upwa <fan(Powaraiat,ia68>.About1.0« tO* 
Rioopanowu sRinvs Bna M oiQQf o I I'pnniva ojfiA nirary wvre nMXOT 
wHh 1^ X 10^ dbnaa from a random haxamat-pflmad cONAfbrvy 
•nd «w» uaad to IransfaelOOS? call. 

Cnrlchmanl off amA caofiaa tor tha Fat IJ«md by P«Miln0 
COS7 csQa wara ntnlacud «Hh pUamid DMA by aladropor itf on 
<PoBaf at a}^ 1984). In brial. 5 x IQf COS cvR* wwa washad wHh 
X-PaS- (30 J (nM Naa 120.7 mM KCt. 0.1 inM Na^HPO. and 1.46 
mM KKiPO^ and tuapMidad in a4 ml o( K4>B5' aupplaffMmad.wi^ 
S fiiM MgC% (K^BS> Plasfoid ONA (40 ptf disMlvad> Oi4 ml fli 
K-PB5* waa adtfad to Ow oil auspanaioa wid toadi«tod on loa for 
10 Aim. Cafis ware thin «xpoMd to a 230 V pulM ivith a oapadtanc* 
of 9G0iiF andratumadtolhaica.Alttr tO>19fnin,tf>aca0auspansiQna 
wara daulad wWi S nl of eOM aarwiM^ OMEII and hcubatod lor 
30 mto at rocm tamparttura. Tha eala wara ttian platad on 2 l(Vcm 
dishaa and odbirad tor BO Iw at »7*C to DUEM ooMMv 10« FCS. 
AMof 1^ X lO^OOSoaRawaivlwialacladasBbovaandGultarad 
InOO 10-om ptolts. Tha call wwa dvtacbad from tba ptates by hcubal- 
Ing at 37*C tor 30 mm to S iri par plato ol PBS-EDTA-NaNi (PBS 
oontaMng 0 J mM EOFTA and OJOeH NaHJ. Tha datachad oaBs wwa 
rasuspandadtoaooocmtratlonors x tCTio? x i(f caCsparinlfilitar 
in P0&-eC7TA4laNi oooiafninQ 3 mg/M of bonna aanim aftuRAi and 
ZJ5 pgM aniknouaa F^raoaptar antttodfy. After incubation en ka 
for 10 ndn, mFo>-fe was addad to a final concanlratjon of 4 pgM 
and fcwjbaiad on loa tor 60 mbi. Tha coBs wara washad wlOi ic^cald 
PBStndaiMpfAdadloSK lOrbTx IVcalbparmaHAartoPes 
oontetnbg 50 fflM WPES bitfar (pH fl^ and 0.2 mM bb(suHoauecan»- 
midyO aubarato (B&^ Plaroa). Aftfrlncubadon OA ica tor 30 min. 1 M 
Tifa-MCI (pH 0.0) was addadto a fnal concantration ol 50 mM and 
Inoubalad on ioa tor 10 fflWw Aflar washing whh PfiS. oeBs wpro su» 
pandadlnSO m! otPeS-EOTA-NaKi containing 3mg^bovfna aentm 
albumin and passed through Nyton mash (porastxa, too pnOtoramova 
•ggragatas. Tha caQs wara than distribitfad into 30 ifhm pannb^ 
platas that wara coatad wrtfi goat ant^^nnnan lmmuno0tobuRn Q H 
fCappaQ. Aftar IncubaSon tor 2 hr al loom tomparaium, nonadhoront 
oaRa wara ramovad by gaoda wtsMng wtti PBS-EDTiUNiNi cofw 
'biintog 9 rngM bovtna aanim afeumin. and tha avtrw^Momotomal 
ONA waa axtractod bom tha adharanl caBa Oft dascrtoad ptoh at A. 
1Mt)i EtoetropoTMion d 6. ODl wMiiha ONA oMM tan Via fint 
round Of panning yfsflled 4.1 k lO*cotonlaa,fromwNchptBSfnidONA 
wasprapandLandwuoaadtotnnsfaaBA X 10^COScafti(^lfr«ni 
piate3)LTIw aeeondpannmg using 30piat89«ndONApraparailen1ram 
tha adharant eels procoaded as describodabov*. Tramtormalion of 
E.ooBwithIharaoovaradpIasinklONAyialdad6 K ladonas.and 
tha tf^ panning using 30 pbtas was paitomwd by transfacting 4 x 
lO' COS caOs On 10 ptatas). With tha ptasmid ONA raoovared Inm 
tho adharant oalla. E. eoQ was transtomad to pioduea 3.6 x lOP 


donas, which wara stibiactid to a lourth panning, using I » lO'COS 
caBs On 25 ptaias) and 10 pann'ng platas. 

ONA Sa^nca AiMiyato and Mofiham HybrtdlzatloA 
Th* ONA taquanca was datamrinad wing a ONA aaquanoar (fflodtf 
370A:^kpp6adBio9ystam9)andaTaq OyaOaoorycydasaquantingUt 
IromAppEadfiiosystams. For Noilham hytrfdization» poly(A) RNA wu 
piaparad torn dies and to darivaUvas and vaitoua rat tiaauaa and 
calls ming a mRNAisottilonUt from Pharmacia. RNA was daniturad 
at 6S*C far5 ain in 50% formfoida. a t ac tr ophorasad through a 1.5H 
•gamsagtloontaMng6w6%tomMJdahydo,andti«nalarTadtoniboc«l- 
lutosa or nylon m ambranas (SdiMctwr ft SchuaQ. Tha prota waa 
a 0.9 kb ONA bagmant oontaiivng tha aaquanoa horn 43 to 967 of 
pTN24>15. praparad tiy PCR. and labaiad wMi "P using « random 
pibnar tabaSng M (BoahringsTi Mannhabn). A *PM>alad iM kb 
BamHI fngmam of human EF-lo cONA {UatsuU at aU 1989) was 
usad as a oonrei proba ONA. Hybridixation prooaadad as dascribad 
(Sambroofc at sL* 1969) undar Mph iirlngancy> 

rragmanlitlnw ol Owocnoaomal ONA 
0(}SoaRif8 X lO)ln24wa6ptotoawar»iramlactodwithiJOogol 
pTN24-15 OEAE-^xtran as dascribad (Futomaga al aL. 1990). 
Wni9t calls or W4 ciia (Ogaaawaia al oL. 1093) (2 x 1(^ wara 
•ddad lotha watts 46 hr altar iranslaciioA and Inoubttiad Ih RPM11640 
iftadtom tontaining lOH PCS at 37*C Nortadharant caRa wara ool- 
toctad. and chrocnoaomal ONA waa praparad aa dascribad (Laird at 
aUIOOl}. 

Surface LebaBng and Immunoprac^ltallofi 
Tha cal suffaoa protalna of d10S>12 caQa or COS cais tranafadad 
w»i PTN24-15 were bfotilnytotad uaing o^toOnyl- a^nilnocaproic add 
N^iydwaQfaucdn h nlda asiar ^lalin-CNKS-««ter, Boeftringaf-Maiw 
hatoi) as dascrtoad (Mator at al.. 1002). Tba oaBa (73 x tO* oa»s) 
ware ^Md by incubating on loa tor 30 min to 1 ml of lysia buffar (tH 
NfMa 50 mM Trto-HCt (pH 6.0), 150 mM NaO. 1 mM [p-amino- 
pliany^waO>ai'iaiutlornil Buortda hydrochtortda |APMSF), 1 pg^MpajK 
atatto, and 1 pgtail ol taupapnn). Aher centiffvgs^ at 14,000 rpm 
tor 15 mio, tha supamatanl was predaarad t>y incubation un lea tor 
eOoitnwilh IO^gMolhTNFn^^andOmnal4*ClDreOffitowith 
a 9H voluma ol prolain A-Sephaioaa. Ahar ram o wfag the protatn 
A-Sapharooa, 10 |tg ol n^a»>l^ was addad to ma aupamatam and 
tooibaladontoalor 60miri.Pratoto A-Sapharo»a (3.01 vol) was addad 
to'lhia mbtuTB and incubatad at 4*C oramighL Aftar oantrlhigattoA. 
tie pradpitetta ware w«shad wfih the tyals buftar and raauapandad 
to 20 )il orUammrs sanipia bultar (62.5 mM Trts-HCItpH 6.eD.2% 
SOS. 10% glyoMit. 4Ad 0J0Q2H bromophanol btoa). 
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